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Abstract
We give a short review on the semi-analytic approach to off-shell W pair
production at 500 GeV and above. Numerical calculations are performed with
the Fortran program GENTLE v. 2.0 and its upgrade. Recent extensions include:
(i) angular distribution for the CC11 process with LLA QED corrections;
(ii) anomalous couplings.
As an application we study the sensitivity of total cross-section and forward-
backward asymmetry to anomalous couplings. A noticeable sensitivity from the
asymmetry appears only for a parity-violating anomalous coupling.
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W pair production in e+e− annihilation at high energies has to be studied as off-
shell production with at least four fermions in the final state ([1, 2, 3] and references
therein). A convenient method for this is Monte Carlo simulation. In several respects,
the semi-analytic approach of the Fortran program GENTLE1 may prove useful:
• Tests and comparisons of different numerical programs [13, 14];
• Scan of W pair excitation curve [15, 16, 17];
• Search for anomalous triple boson couplings [18, 19].
The latter topic is better studied by multi-differential distributions/helicity analysis
with Monte Carlo programs [18, 13]; but with a limited luminosity a single differential
distribution, derived in a semi-analytical approach, may be a reasonable alternative.
The prospects of WW physics at a linear collider with center-of-mass energy of
500 GeV or more have been summarized in section 5.1 of [3]. Here, we study as an
example the discriminative power ofW pair production with respect to parity violating
and conserving anomalous triple boson couplings. We assume
√
s = 500 GeV and an
integrated luminosity L = 50 fb−1. This corresponds to about 80 000 semi-leptonic
W pair decays. We make a simple ansatz. Let us explain it with only one anomalous
coupling A. For this case, the cross-section may be written as follows:
σ
(1)
theor = σSM + Aσ1 + A
2σ11. (1)
The anomalous coupling appears in the cross-section at most bilinearly. After having
calculated σSM , σ1, σ11 with GENTLE (or another program) within a given model and
for fixed experimental conditions, one may confront an experimental data point with
the predictions and get, in general, two possible solutions for A (or none). In a next
step, one may consider two anomalous couplings A and B at once, etc.:
σ
(2)
theor = σSM + Aσ1 + A
2σ11 +Bσ2 +B
2σ22 + ABσ12. (2)
For our study of sensitivities, we use σ
(2)
theor for the simulation of σmeas ±
√
σmeas/(6L),
the assumed measured cross-section with 1σ deviations of the counting rates for the
sum of all semi-leptonic production channels. For definiteness, we use for σmeas the
standard model prediction and apply no experimental cuts. The solutions of eq. (2)
are ellipses in the plane spanned by the two anomalous couplings. Allowed pairs of
coupling values are located in the area between the two limiting ellipses.
For the analysis, we use σF and σB, the forward and backward cross-sections. The
forward (backward) cross-section is defined by the requirement that the angle between
the momenta of the e+ and theW+ is less (more) than 90◦. We chose these observables
since they may be used to form the total cross-section σtot = σF + σB (arizing from
cross-section parts even in the production angle) and the forward backward asymmetry
AFB = (σF − σB)/σtot (arising from odd cross-section parts).
1 A detailed technical documentation of GENTLE, version 2.0, may be found in [4]. The approach is
described in [5] (general features), [6, 7] (W pairs), [8, 9] (ZZ pairs), [10] (ZH production), [11, 12]
(angular distributions, anomalous couplings).
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Figure 1: 1σ-bounds at 500 GeV for L = 50fb−1.
With the definition of the anomalous couplings xγ and xZ we follow equation (3)
of [18] which is a re-parameterization of equation (1) of [18]. Additionally, we look at
the triple boson coupling coupling zZ defined by the effective Lagrangian
LZ = − ezZ
m2W
∂αZˆρσ
(
W+α
↔
∂ρ W−σ −W+σ
↔
∂ρ W−α
)
. (3)
In figure 1, we show two solutions of eq. (2) for different anomalous couplings. In
the left figure, xγ and xZ are allowed to differ from zero. These are P conserving
couplings and the two rings derived from σF and σB overlap almost totally. In the
second figure, xZ and zZ are varied. Since zZ is P violating, the allowed ranges overlap
much less since the forward-backward asymmetry is more sensitive to this coupling.
One further notes that σB is more sensitive to anomalous couplings than σF although
the relative statistical error of the latter is much smaller.
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